Objective: To provide guidance on standards for reporting studies of diagnostic test accuracy for dementia disorders.
Over the past decade, there has been an impressive increase in the number of reports published on Alzheimer disease (AD) and dementia biomarkers, describing both proof-of-concept and diagnostic test accuracy (DTA) studies. New diagnostic criteria proposed in the United States and in Europe place greater emphasis on the use of biomarkers and imaging techniques in the diagnosis of AD (in both symptomatic and asymptomatic subjects). [1] [2] [3] [4] An amyloid PET ligand has been licensed on the basis of its utility in excluding a diagnosis of AD. 5, 6 "Appropriate Use" criteria have since been proposed that suggest routine use of florbetapir PET scanning in mild cognitive impairment (MCI), but the lack of evidence for enhancing diagnostic certainty or for predicting progression has been acknowledged. 7 The European Medicines Agency supports the use of CSF biomarkers (b-amyloid 42 and tau) to enrich clinical populations with prodromal AD. 8 Numerous other potential biomarkers are in development. Diagnostic tests for diseases that may cause cognitive problems are not restricted to biochemical and neuroimaging biomarkers. There are a variety of clinical assessment scales, both for "screening" and "diagnosis," such as the Alzheimer's Disease Assessment Scale, 9 Montreal Cognitive Assessment, 10 and the Addenbrooke's Cognitive Examination-Revised. 11 At present, there is little guidance on the optimal assessment scale for a particular purpose or setting; this has resulted in considerable variation in approaches to cognitive testing. As many countries move toward largescale cognitive screening of older adults, 12 there is considerable need for studies of DTA.
In dementia, diagnostic studies can be divided into proof-of-concept studies (whether a test result is different in healthy controls vs dementia patients) and studies investigating the clinical applicability of a new diagnostic test. For the latter, there are 3 main questions: 1 In this context, the quality of reporting of DTA studies is particularly important. Poor or inconsistent reporting can hamper effective evaluation of study methods, assessment of potential for bias, and interpretation of the results. [15] [16] [17] [18] It also limits the ability to synthesize data across studies, precluding methodologically sound meta-analyses. Guidelines for reporting standards in other contexts, 19 such as the Consolidated Standards of Reporting Trials (CONSORT) statement, are effective in raising reporting standards and, indeed, can also drive improvements in standards of trial design. [20] [21] [22] In 2003, Bossuyt et al. 23 published the STARD statement: Standards for Reporting of Diagnostic Accuracy studies, aiming to "improve the accuracy and completeness of reporting of studies of diagnostic accuracy, to allow readers to assess the potential for bias in the study (internal validity) and to evaluate its generalizability (external validity)." 24 To date, more than 200 scientific journals have become STARD "adopters." Although the impact of STARD may not yet be comparable to CONSORT, STARD has raised standards of reporting in diagnostic accuracy studies. 25 Despite this, a recent systematic review found that, within the field of dementia, the majority of reports of diagnostic biomarker studies were missing important information, particularly for blinding of results of either the biomarker or reference standard, handling of missing data, sample selection methods, and test reproducibility. 26 Although DTA studies in dementia are similar to those in any field, some features specific to dementia research are not fully addressed in the STARD criteria. Therefore, we aimed to identify aspects of reporting that are particularly important in the context of AD and dementia, produce dementia-specific supplementary guidance to STARD, and thereby enhance use (and utility) of STARD for dementia studies.
METHODS The STARDdem Initiative sought to establish an international consensus on reporting standards for DTA studies in dementia, highlighting the most important issues and identifying any areas in which additional reporting recommendations might enhance the usefulness of the STARD guideline. The method used was derived from guidance on effective implementation of reporting standards published by the EQUATOR (Enhancing the Quality and Transparency of Health Research) Network, 27 which proposes a step-wise development approach and deems a consensus process to be "a crucial characteristic" of developing reporting guidelines. 22 We adapted the guidance leading to a development process comprising 3 broad phases: (1) evaluation, (2) drafting with widespread discussion and feedback using a modified Delphi technique, 28 and (3) delivery. This report describes the first 2 phases and itself constitutes part of the delivery phase.
Phase 1: Evaluation. We conducted a comprehensive literature review on biomarker DTA studies in dementia, focusing on studies that included patients with cognitive impairment (but no dementia) at baseline and used progression to dementia of the AD type as a reference standard (for methods, see Noel-Storr et al. 26 ). Applying STARD, we assessed the quality of reporting in all identified DTA studies by calculating the percentage of studies complying with each of the STARD items. 23 Phase 2: Drafting and discussion. An international and multidisciplinary working group of dementia experts and methodologists was established, organized by the Cochrane Dementia and Cognitive Improvement Group. 29 The objectives of this group were to (1) define the scope of STARD for dementia, (2) assess the applicability of existing reporting guidelines (STARD) to dementia, (3) draft dementia-specific supplementary recommendations, and (4) seek feedback and consensus from the dementia research community.
In round 1 of phase 2 (see the figure) , the working group held a series of 4 meetings (one face-to-face, 3 teleconferences). Before each, members independently assessed 3 papers using the STARD tool, rating whether each STARD criterion was met and with the option to record free text comments. The 12 papers were randomly selected from studies identified by searches for DTA systematic reviews in progress by the Cochrane Dementia and Cognitive Improvement Group. 30 Omissions, agreements, and disagreements were identified and discussed at these meetings. This stage of the process highlighted areas in which there was lack of clarity about what constituted "clear" or "poor" reporting within a dementia context, and hence identifying a number of focus areas for STARDdem. Supplementary guidance in these areas was drafted, and examples of adequate/clear reporting were identified from dementia diagnostic research for each relevant item. Round 1 also helped to highlight the different types of bias that can arise in dementia studies (see table 1 ). Bias, in this context, is defined as a systematic error, often unintentional and sometimes unavoidable, in an observed measurement from the true value. If bias existed, a study would consistently over-or underestimate the true accuracy parameters (such as test sensitivity or specificity) were the study to be replicated and repeated.
In round 2 (figure), draft additional guidance and examples, together with the generic STARD guidance, were uploaded to the STARDdem Web site. 31 More than 350 individuals were invited to comment via the Web site. These individuals had been identified as the following: corresponding authors of diagnostic studies using imaging, biochemical biomarkers, or neuropsychiatric The comments obtained were all discussed in the working group during a further 3 teleconferences, and revised dementia-specific additions to STARD were drafted (round 3, figure) . Round 4 (figure) consisted of a half-day consensus meeting, held in October 2012. The meeting had 2 main aims: (1) to reach consensus on the reporting of items of key significance in dementia DTA studies and on the choice of examples to illustrate good reporting, and (2) to decide on the best method for disseminating the outcome of the process and ensuring its adoption by the research community. The meeting ran as both a face-to-face meeting and Web conference to try to maximize attendance and participation. Participants comprised 40 individuals, with key groups represented by researchers/authors in this field and journal editors. After this meeting, the working group then produced a final version of the STARDdem supplementary recommendations.
RESULTS See appendix (table e-2) on the Neurology ® Web site at Neurology.org for key definitions pertinent to studies of DTA. Phase 1. The results of the STARD assessment for studies included in our systematic review have been reported in detail elsewhere. 26 In brief, this review found that of the 142 studies identified, there was marked variation in the quality of reporting between several STARD items. Items particularly poorly reported or referenced are listed in table 2.
Phase 2. STARD is applicable to studies in which the results of one or more (index) tests are compared with the results of a reference standard applied to the same subjects, allowing production of a 2 3 2 table from which estimates of test accuracy-usually sensitivity and specificity-may be obtained. Binary diagnostic categories retain core utility as the basis for prognosis, treatment, management, and legal decision-making: the fact that the pathology and symptoms of dementias occur on a spectrum does not negate the need for the clear delineation of thresholds in index tests and for categorical reference standards. Correlations between continuous variables (e.g., biomarker level and cognitive decline) are of value for establishing etiology and point to potential as a diagnostic test, but do not guide clinicians or reimbursers about when the benefits of starting treatment outweigh the risks and costs.
Although most diagnostic test studies are crosssectional by design, in dementia studies, the reference standard of "progression from MCI to dementia" is frequently used. These "delayed verification" studies (entailing some additional complexities of design) were included if 2 3 2 data were presented or could be derived. Studies were included regardless of the phase of development of the test.
The initial draft of reporting items, produced by the working group for consultation, may be viewed on the STARDdem Web site. 31 During the open comment period of 2 months, more than 200 comments were posted by clinicians, statisticians, methodologists, neuropsychologists, molecular biologists, clinical chemists, and radiologists. Based on the comments of the working group, the most important items to address were (1) the description of the population under study, (2) reporting of the operationalization and application of the reference standard, (3) identification of potential incorporation bias or "circularity" when the index test forms a part of the reference standard (e.g., a neuropsychological test that also contributes to the diagnosis of dementia), and (4) reporting of test-retest reliability.
The second draft, which was circulated to consensus meeting participants, may also be viewed on the STARDdem Web site. 31 After the discussion at the consensus meeting, a final version was produced in 
Estimates of test reproducibility

Index test 82
Reference standard 96 Table 3 STARDdem checklist for the reporting of diagnostic accuracy studies in dementia Also, the index test may form a part of the reference standard. This is often referred to as incorporation bias and renders blinding of the index test impossible
Statistical methods 12
Methods for calculating or comparing measures of diagnostic accuracy, and the statistical methods used to quantify uncertainty (e.g., 95% confidence intervals)
13
Methods for calculating test reproducibility, if done
Applies to the reference standard as well as to the index test. Both should be reported/ adequately referenced. Report interrater and test-retest reliability of reference standard as established in the study being reported, rather than simply referring to other studies in which reproducibility has been established. The training that image readers receive should be carefully described. Studies in which the accuracy of "majority" judgments are reported should also report data for the minority judgments. Reports of the impact of training should clearly describe the characteristics of the sample used for training and whether it is representative of the group to which the test will be applied
Results
Participants 14
When study was performed, including beginning and end dates of recruitment Pertinent particularly to longitudinal (delayed verification) studies, authors should report recruitment dates of the study (not to be confused with recruitment dates of the wider cohort study from which it might be drawn), and the beginning (first participant) and end (last participant) dates of the periods during which the index test(s) and reference standard were performed. Report the period for the index test and period for the reference standard separately if it is not clear There are 4 key areas central to effective evaluation of studies of diagnostic tests in dementia and cognitive impairment to which special attention should be given when reporting results of DTA studies in dementia and cognitive impairment: 1. Study population: Many DTA studies report on a highly selected population, e.g., from a tertiary memory clinic or a sample of convenience. Generalizability to the population with cognitive impairment at large, or even to other speciality clinics, may be questionable. The report should address whether that sample was representative in terms of spectrum of disorders, proportion of cases with the disease for which the index test is intended, and severity of cognitive impairment of the population in whom the test would be applied in practice. If not, then test accuracy may be over-or underestimated. 2. Reference standard: The current limitations in our reference standards in dementia are responsible for some of the inaccuracy and bias that bedevil studies of test accuracy. The 2 major classes of reference standard are (1) postmortem verification, and (2) progression from MCI to dementia due to AD or other conditions according to clinical criteria. Both fall short of the ideal and carry risks of disease misclassifications (bias by the reference standard). An inconsistently applied reference standard creates obvious difficulties in effectively evaluating the performance of a test across studies. Careful specification of the reference standard(s), its operationalization, and application are essential. If more than one reference standard is applied, the index test results should also be displayed by the different reference standards. 3. Circularity: "Incorporation bias," whereby the index test forms a part of the reference standard, is common in dementia diagnostic studies. This is inevitable given the composite nature of the reference standards and is a particular problem in the evaluation of neurocognitive tests. Incorporation bias is associated with a tendency to overestimate the value of a specific diagnostic test. The risk of such bias should be acknowledged and reported. 4. Reliability: Reporting on the test-retest reliability is important. Intra-and interobserver variability may have important effects on neurocognitive scales. For many of the CSF biomarkers, significant intraindividual variation can be found on repeated testing. In addition, there may be substantial interlaboratory variability. 32, 33 Initiatives are underway to pinpoint and minimize causes of test variation, particularly for protein biomarkers. 34, 35 Clear reporting of test-retest reliability should help to complement these efforts. DISCUSSION It is striking that many of the causes of bias in studies of DTA are similar to those in clinical trials: population selection, blinding, missing data and dropouts, and unreliable outcomes. Other common causes of bias more specific to DTA studies are use of healthy controls and mixed reference standards. 15, 36 Without full and transparent reporting, readers are unable to assess the validity of individual studies, and thus the overall body of evidence available for a particular test or biomarker. This increases the risk of misinterpretation and misuse of the test data. 37 High-quality reporting is of particular importance as patients increasingly present early with equivocal symptoms. 12 A diagnosis (or indeed, misdiagnosis) of such a disease has profound implications for patients and their families. Although no disease-modifying treatments or treatments for early-stage illness have reached clinical practice, it is imperative that, when they do, confidence in the diagnostic process is high. At present, the patchy quality of reporting damages the confidence with which findings from studies of DTA can be translated and applied to clinical practice.
The STARD guidelines are important in raising awareness of the key reporting issues in DTA studies. 25 However, despite widespread adoption by journals, our earlier work shows that standards of reporting in the dementia field are not uniformly high. 26 The STARDdem Consensus Initiative serves to raise awareness of the issues in test accuracy, and emphasizes those that are particularly important to dementia and cognitive impairment.
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